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rlangen, Germany
ur insights into the pathophysiology and management of
alvular heart disease continue to evolve at a surprisingly
apid pace. One of the most important diagnostic develop-
ents in recent years has not been related to the use of new
echnologies or biomarkers but to the incorporation of the
xercise test into the diagnostic workup of asymptomatic (or
pparently asymptomatic) patients, often together with
maging (1). Mitral regurgitation (MR), by far the most
mportant regurgitant valvular lesion and second only to
ortic stenosis as an indication for valvular surgery, usually
an be recognized clinically at physical examination and is
See page 300
hen typically assessed in mechanism and severity by echo-
ardiography, although cardiac catheterization or magnetic
esonance imaging are sometimes felt to be additionally
ecessary. Exercise stress tests currently are not a necessary
art of the guideline-recommended diagnostic algorithms
or management (2,3). The paper by Magne et al. (4) in this
ssue of the Journal provides important new evidence for the
linical value of exercise testing together with echocardiog-
aphy in asymptomatic MR. It comes from a group that has
ontributed in a major way to recognition of the clinical
alue of exercise tests in cardiology, from the early use of
obutamine for stress testing (5) to diagnosing myocardial
iability by dobutamine stress (6) and also by physical stress
7). In recent years, they provided important insights into
he dynamic nature of ischemic MR, showing that even in
he absence of acute ischemia exercise might increase
ischemic” or functional MR (8) and that an exercise-
nduced increase in effective regurgitant orifice area (ERO)
13 mm2 is an independent negative prognostic marker (9).
In the current paper (4), the authors have applied exercise
chocardiography to a different species of MR: “degenera-
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or thes
merican College of Cardiology.
From the Medizinische Klinik 2, University of Erlangen, Erlangen, Germany.ive” MR due to prolapse or flail. In contrast to ischemic
R, the primary lesion here is a structural valvular abnor-
ality, which usually is accompanied by an originally intact
eft ventricle (LV), which over time begins to fail due to
olume overload. The authors analyzed 61 asymptomatic
atients with moderate or severe (54%) degenerative MR;
he average ERO (48 mm2) and regurgitant stroke volume
RV) (77 ml) at rest were well in the “severe” range (10).
he ERO and RV were calculated by the proximal conver-
ence method or by comparison of transaortic and transmi-
ral stroke volumes or by averaging both. All had normal
jection fractions (EFs) and end-systolic diameters (45
m), were in sinus rhythm, and fulfilled current (European)
lass I guideline indications for conservative treatment with
lose surveillance (3). Patients were examined at baseline by
chocardiography at rest and at peak bicycle exercise; the
atter was defined as within 1 min before or after termina-
ion of exercise. Significant exercise-induced changes in the
everity of MR were defined a priori as a difference 10
m2 in ERO or 15 ml in RV. Follow-up was complete
nd occurred in 3- to 12-month intervals, depending on
chocardiography and presumably also clinical data, for an
verage duration of 22 months. The main findings of the
tudy were:
. During exercise, in one-third (32%) of patients MR
severity increased, in 60% it remained constant, and in
8% it decreased (as assessed by ERO);
. The follow-up period in which patients remained
asymptomatic was significantly shorter in those whose
severity of MR increased with exercise: after 1 year, only
one-half of them were asymptomatic versus 81% of those
who had no exercise-induced increase in severity.
In patients with functional or ischemic MR, where the
rimary pathology is not valvular but impaired LV systolic
unction, the authors of the present study have previously
bserved a change in severity of MR with exercise. In their
andmark report of 2004 (8), 28 patients with a history of
ulmonary edema, an average EF of 35%, and varying
egrees of MR at rest revealed during exercise marked
ncreases of ERO (on average, 16 mm2) and of transtricus-
id systolic pressure gradients (on average, 29 mm Hg).
one of these patients had signs of acute exercise-induced
schemia. EF increased only approximately one-half as
uch during exercise (by 5.4%)—compared with a control
roup with similar resting characteristics but no history of
ulmonary edema—but regurgitant stroke volume was
-fold higher than in the control group. Therefore, in the
cenario of “dynamic” functional MR, the relatively small
xercise-induced increase in EF mainly feeds the concom-
tantly increased MR, thus not contributing to forward
troke volume. This pathophysiology was confirmed by
ther researchers (11) in similar patients with functional
R, who showed that exercise-induced changes in forwardtroke volume varied inversely with changes in the severity
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July 20, 2010:310–3 Mitral Regurgitationf regurgitation and that these increases in regurgitation
uring exercise were a major factor determining exercise
apacity.
In degenerative MR, contractile reserve has been de-
cribed as an important factor in the exercise response
12,13). With bicycle exercise, the LV in healthy individuals
enerates a higher stroke volume and cardiac output by an
ncrease both in heart rate and in EF, the latter in the range
f 10% to 20% (14). Lee et al. (13), in a study of 71 patients
ith degenerative MR who underwent exercise stress echo-
ardiography, observed only a small overall increase (3%) in
F with exercise and a decrease in LV volumes under
xercise. However, there were large individual differences,
ith some patients reducing their end-systolic volume and
ncreasing their EF significantly (positive contractile re-
erve) and others who didn’t (negative contractile reserve)
nd in whom EF actually deteriorated under exercise. Thus,
n patients without contractile reserve, the LV is unable to
atch the requirements of the exercising musculature.
hese differences in contractile reserve predicted symptom-
ree survival in both surgically- and conservatively-treated
atients. Exercise-induced changes in the severity of MR,
hich are the focus of the present study, were not analyzed
n the study by Lee et al. (13). In the present study, similar
o the data from Lee et al. (13), EF increased minimally (on
verage, from 69% to 71%), and end-systolic and -diastolic
olumes both decreased mildly (by 13% and 6%, respec-
ively). However, the presence of contractile reserve was not
xplicitly addressed, and no comparison of patients with
ifferent EF response to exercise is reported.
Thus, 2 opposing mechanisms determine the exercise
hysiology of patients with MR, whether degenerative or
unctional:
. Contractile reserve, the ability to increase EF and de-
crease end-systolic volume during exercise;
. Severity of regurgitation, typically measured by effective
regurgitant orifice, which in nearly one-half of patients
has a dynamic component, typically increasing during
exercise.
A decrease or lack of contractile reserve or an exercise-
nduced increase in the severity of MR both lead to lower
orward stroke volume (systolic LV dysfunction).
What is the mechanism behind the observed “dynamic”
hanges in the severity of MR with exercise? In functional
R, this has been well-studied. Classically, dilation of the
itral annulus in response to dilation of LV and atrium was
een as the prime cause of functional MR. However,
uantitative analysis and animal experiments revealed that
his is not the only and probably not the most important
echanism, perhaps with the exception of patients with a
istory of inferior and posterior infarcts, whose expansion
ight directly affect the corresponding annular region that
acks fibrous support (15–17). Instead, the crucial mechanism
s mitral leaflet tethering by the global dilation of the LV,
eading to apical and posterior displacement of the papillary iuscles. This leads to the well-known “tent” shape of the
itral valve in systole, with the apposition line of the leaflets
ulled away from the mitral annular level into the LV cavity
nd posteriorly, typically producing tethered, restricted mo-
ion of the leaflets (15,18,19). The amount of tethering can
e measured as tenting height, area, or volume and corre-
ates with the severity of regurgitation. Lancellotti et al. (20)
bserved that exercise-induced increases in the severity of
R were highly correlated with changes in tenting height
nd area. Furthermore, LV dyssynchrony, in particular
etween the papillary muscles, plays an additional role,
specially in patients with left bundle branch block (21).
The mechanism of regurgitation is different, however, in
egenerative MR. Typically, there is no mitral valve teth-
ring or dyssynchrony, although some annular dilation
ight be present. Could the increase in blood pressure
uring exercise simply have increased MR severity? The
igher systolic ventriculo-atrial pressure difference with
ncreased blood pressure would indeed explain a higher RV
ut not necessarily a larger ERO; no statistically significant
ssociation of change in ERO or RV and change in blood
ressure was found in the present study. The authors of the
urrent study invoke 2 explanatory mechanisms. On the one
and, there were exercise-induced changes in mitral annular
rea, which correlated modestly with ERO and RV changes.
he other proposed mechanism involves the exercise-
nduced reduction in systolic LV volume, which might
ecrease the tug of the papillary muscles and thus worsen
eaflet malapposition by further atrial displacement of the
rolapsing or flail leaflet segments. Thus, a smaller LV
avity could lead to more MR if the underlying mechanism
s a structural abnormality of the leaflets. This is precisely
he inverse of what happens in functional regurgitation,
here increased LV cavity creates MR. It should be noted,
owever, that this explanation is speculative, because no
pecific measurements supporting it are available from this
r other studies. Further studies should address this open
uestion.
Importantly, there was no effect of the absolute resting
RO or RV on the extent of exercise-induced changes;
ence, no “regurgitation begets regurgitation” mechanism
as discernible. The same observation has been made in
unctional MR by this group (8,19). Not all patients who
eveloped changes in the severity of MR with exercise
howed an increase in severity; 8% showed a decrease. This
as also been observed in 13 of 70 patients with functional
R (20) and has been tentatively explained by exercise-
nduced recruitment of viable myocardium and reduction in
V volumes.
Other interesting observations during exercise were an
ncrease in left atrial volume by 13% in the whole study
roup as well as an increase in E-wave velocity by 40% and
n almost doubling of the transtricuspid pressure gradient.
ecause these are averaged values for all patients, incorpo-
ating patients with and without exercise-induced increases
n regurgitation severity, it would have been interesting to
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Mitral Regurgitation July 20, 2010:310–3now whether individual changes in these relatively unso-
histicated parameters were as predictive of outcomes as
RO and RV were; these data are not presented. The ratio
f peak E velocity and early diastolic longitudinal tissue
elocity at the base of the ventricle (E/e=) which is predictive
f LV filling pressures in the absence of severe MR, did not
ary significantly between rest and exercise, confirming
arlier studies of E/e= in MR (22).
Among other things, the study is remarkable for its
rowess in handling the quantification of MR, a difficult
ask compounded by the necessity to obtain good echocar-
iography data within 120 s in the exercised, hyperventilat-
ng patient on a (semi-supine, tiltable) bicycle ergometer. It
ertainly helped that, by design, each patient was his or her
wn control, thereby cancelling some errors, but it also no
oubt helped to work in an environment with decades of
xperience in exercise echocardiography. Nevertheless, the
ethodological limitations of quantifying MR must not be
verlooked. Both employed methods—proximal convergence
one and comparison of transvalvular stroke volumes—which
re the best we have in echocardiography and indeed the only
nes practical for an exercise-based study, rely on massive
implifications and assumptions that would highly worry any
ydrodynamics expert. For their accuracy in the scenario of
he study we have no independent confirmation. Both
chocardiography methods showed “reasonable” agreement
ut still differed by a considerable margin (on average by 11
m2 and 19 ml regarding ERO and RV, respectively).
One of the main clinical difficulties in assessing patients with
R is to determine what constitutes true lack of symptoms,
specially in older patients. This is nicely illustrated in the
resent study, where only 16% of patients—who were deemed
symptomatic by clinical history—reported “dyspnea” as a
eason for exercise termination. Most patients (61%) stopped
xercise for “fatigue or leg discomfort.” Objectively, however,
n these patients transtricuspid peak pressure gradient al-
ost doubled with exercise (on average from 30 to 55
m Hg). Reflecting on this, we must ask ourselves whether
his patient cohort was really asymptomatic.
At this point, however, it is too early to translate these
ata into firm clinical recommendations. The patients in the
resent study (4) were managed conservatively—in accor-
ance with current guidelines—until symptoms developed.
hould they have had surgical interventions on the basis of
heir exercise test findings? One certainly would be reluctant
o consider surgery for a patient with moderate MR at rest,
ven if it apparently increases in severity during exercise.
ntil now, American or European guidelines have never
onsidered isolated moderate regurgitant valvular lesions
ndications for surgery. In contrast, the case for surgery in
evere MR that further worsens during exercise seems easier
o make. Even so, we must remember that this is a
mall-sized, observational study that does not deal with
urgical versus nonsurgical outcomes and thus does not
ustify a major shift in clinical policy at this time. Moreover,
t was performed by a group very experienced in exercisechocardiography; it would be naive to assume that the
eliability of sophisticated parameters such as ERO and RV
chieved here will be easily duplicated under routine con-
itions everywhere. Such reliability, however, would be
equired before firmly incorporating parameters of regurgi-
ation severity derived from exercise echocardiography into
linical guidelines. The study does, however, compellingly
how that exercise combined with echocardiography is a
aluable diagnostic tool in these challenging patients, if used
ompetently, and that in the future, like in aortic stenosis,
xercise testing should play a major role in evaluating and
anaging especially asymptomatic patients with MR.
eprint requests and correspondence: Dr. Frank A. Flachskampf,
niversitat Erlangen Medizinische Klinik 2, Ulmenweg 18, Erlangen
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